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S ExXperiment

During late January and the beginning of February 1973, horizontal

~aﬁﬁ.vertical tunes were measured versus the horizontal position of th@ i"
_ééam.by an c¢ffset in the rf fregquency. At that time only three grcu@s'
. of four sextupoles each were located in the ring (in the long straight .
_;géétions #3, #11, and 4#19). The sextupoles were set at a current of
"+25A-during all the acceleration cycle, which cures the beam loss at

 transition (head-tail effect). Tune data was also taken with the

sextupoles off. Large variations of both v, and vy were found over -

 a'rather small range of x. The results with the sextup@les Yok at o
1 msec after injection are shown in Fig. 1. The variation of v from “_'

' 6f6_ﬁo-6,9 Over only 2 cm is spectacular. The failure of att@mpta_to

meagure tune at larger values of x suggests two large stopbandsi at
v = 6.5 and 7.0 with a width of at least 0.1.

'5B@¢ause {i} the beam width {at least %1 cm} is as large as the

 'aperturé in-which tune méasurements were pessible, (ii) the Chxoma~.
 _ticity“Varies'with azimuth around the ring, {(iii) there is a radial
closed orbitrerror as large as 1 cm peak to peak, we thought that‘the .
| beam;décay‘observed during the first couple of milliseconds might be = -
3éaHSed'by the large stopbands and the third-order resonance. - Previous
“analysis 6f the effect of the 36 azimuthal variation of sextupsole. |
fields of the lumped sextupole correction magnets yielded only weak.

x_resonances, especmaliy on the radial plane.

T early Februatry, anothez set of 240 sir-core: sextupcles were'

 .1nStallea insthe mid=F. Sections o ccrrecﬁ the laxge radial: Chrmmamlﬂﬁ'

f_t&czty Tunlng of! b@th sets of Sextup@ies ma&e THe &ecdy fact@r f@r-"

'f;the flrst 3 msec- ehamge from dbaut 3 ko 2o “WhLL@_geargh;&g;f@xfbaﬁi_)f”.”
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magnets on Februaxy 20, 1873, a rough measurement of the variation

of the tune shift was made using the leocal 3-bump technigue at alil
pericds. For the local 3~bump scanning, the three dipole correcting
magnets in successive mid~-F sections produce a local orbit displace-
ment centered arcund the pefiod under observation (see Fig. 2). Cal-
culations based on these data showed stopbhand widths at v = 6.5 and
7.0 of about 0.1 to 0.2, respectively, and a rather large third-order
resonance (Av~0.1). Thus it was recommended that the measurement
~of the tune versus x be repeated in a more careful way using the same
technigue of the local 3 bumps. This experiment was performed:

V. and Vy were measured versus x at 0.25 ms after injection.

During the measurements all sextupcoles were at the operating
setting (the booster was accelerating beam, and the group of sextu-
voles in the mid-D sections were powered from about 154 at injection
to 30A at transition).

The results of the measurements are shown in Fig. 3. We show
in Flig. 4 the horizontal closed orbit (unbumped beam) taken before
the tune measurement and in the same condition.

We obssrve that the closed orbit distoxticon ig at most =5 mm
from the pickup center (x = 0), the tune variation is now generally
small and that the tune measurements took a wider range of x {in some

cases up to 7 om).
Analysis

We shall limit considerations to the variation of v, with =x.

Let us write the eguation of motion on the horizontal plane (v = ()
x" o+ kO{x}x = G{s,x). (1)
2n ideal machine should have G(s,x) = 0. In reality, the presence
of this function is motivated by two reascns: (i} There is a contri-

bution from “kinematic” terms which, even for ideal magnets, introduce
an intrinsic chromaticity {variation of the tune with the momentunm).
(11} To cancel this contribution, a sextupole momentum field is
artificially introduced in the magnet profile.

Since in the booster the cancellation is not perfectly done, the

function G{s,x} is the result of this operation.
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If we split x as the sum of the closed orbit X and of the free
oscillation £, we have from (1) the following two eguations
HH ) P £
X " kc{ﬁ}xa st,xq} ()
g% + ko(s}g = G{S,xc + By - G{S,XC}
From {2) we can calculate the tune shift Av in first approxima-
ticn, assuming small Av and that we are far away from integer and

half~integey tune values:
1 (€ _
Ay = - } BisiQ(s,x_)ds (3}
o

where B is the beatron amplitude function and Q(sgxc} iz the local
gradient error

Gls,x +8) ~ Gls,x_) 8G(s,x)

£ - o

Q{%;xc} = 1im

g ®o= X

<

1f we take the n-th pericd (there are 24 periods in the booster
lattice) of 4 magnets as a lumped element, namely, we assume all the
4 magnets have the same closed orbit distortion % {from Fig. 4} and

the same (averaged) gradiesnt error Qm{xn}‘ we hawe from {3}

4

jet

Av = - |
1

=3

2
=)
i nm
where L is the length of a magnet and % is the average of B over one
period.

In the case now a 3-magnet bump is applied across the m-th period
with a closed orbit distortion of xg'{averaged over the wm~-th period},

we have the following tune versus Xp

- _ L% B :
v lxg) = v+ Ay B B {Qm(xm+xﬁ} Qm(xm}J» (4)

Since Vin has been measured versus s Eg. {4) enables us to
egtimate the average of the function G{s,xc} over the m-th period,
but only above some order.

Let us expand both sides of Eq. (4} in power seriesg around X .,
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Wy . T 5
Vgl ) Png *p (3)
=0
=l e L
_ {2} B
Q (% +xg) = Z A N T (6)
L=
whers Qéﬂ}ixm} is the average over the m-th period of
}
82+EG<S,X}
L+ 1
gx O
c
Inserting (5) and (6} in (4) we have
b = U+ Av
0o [0
.. _LE {2}
Pug = TRIT O gl bzl 7
Gis,x), in power series around X is
o0 (p) {330 }Q
G(s,x) = - § 2 {8:%) S (8)
it Bp = Pl
=0 X = X

(%3

where Bp is the magnetic rigidity and B is the L-pole of the mag=-

netic field around Koo
By vomparing {7) and (8} we have
{a+1)
E m

Pme T TR Bp ' b2l

i

Thus the cecefficient bm£ g%vgs the average {(4+1) - pole, Bé2+l>,
in the m-th period around the average close& orbit X Also, the
data can provide information-only about the field momenta higher
than the guadrupcle. |

The cecefficients bmﬂ have been calculated with the least sguare
fitting method stopping the series (5) to L = 4 and taking into
account only the wvarisgtion of the tune from ~15 mm to <+15 mm. The
results are shown in Table I.

By increasing the whole clesed orbit by a factor two or by

redicing it by a factor ten, we did not find much variation of the
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Cﬁeffidients'bmzm Thus the half-integer stopband widths can be cval-

culated by means of the formula

[ 24 e g
oy = A 12
Gy o= 2 m£1 g bmi km e .
We obitalned
v = {.002 for g = 13 (vo = 6.5}
Sv = 0.003 for g = 14 {(v_ = 7.0},
0

Observe that these numbers take intec account only the combination
‘of high-~order moments of the field and c¢losed oxbit, Since now they
are small, the actual stopbands arve likely due to the gradient errors
from cell to cell; but these cannot be calculated with the actual
tune versus x data.

We can calcoulate also the width of higher crder rescnances,
mamely,

PV, + g = 0 with p oz 3. (8]

These resonances divide the phase plane in two reglons: in one
region {unstable) the motion has an copen trajectory, in the other
{stable} the motion is periodic. The stable region has a limited
area &. The width of the resonance (2] has the meaning of that
range of tune around the resonating value which makes the stable
area 8 less or, at most, egual to the beanm area.

In the approximation the width Aqu of the resonance {g) is
taiculated taking only the contribution from the lowest field
moment (for instance, from the sextupcle for the third order, Ifrom

the octupole for p = 4, and so on), we have, in our case

| r=lp-2 24 ~igo

Bg Z?mB(p“l} n=1 n,p-2

Since we have measurement at only 24 locations, at most, we can
galoulate the width of the third order and {perhaps; of the fourth

order resonances,
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The results are summarized in the following table

= o Vo Avpg_

3 20 G.6060 00 0.004

3 21 T.000.... 0.008

4 26 £.500,... 0,001

4 27 6.750.... 0,001

4 28 7.000.... g.001
Conclusions

The main result is that after having installed the second set of
sextupcoles (mid-F sections) and having having powered the first get
{mid-D sections), we have now: (&) a small variation of the tune
across the vacuum chamber, (b) a wider range of x across which the
tune can be measured, (c¢) small stopband widths and small third
order (likely, alsc, fourth order) resonance width 1f we keep the
beam in the 3~cm wide corrridor around the ring. From this we infer
that the beam decay at injection with a single turn injected is not
likely caused by the nonlinearities of the field. On the other hand,-
we should still bhé concéerned about the 4-turn injection because as
we can see from Fig. 4 there ig a rather large variation of the tune
for large x values. But in this case we cannot extend the present
analysis to large x since, likely, also, the motion on the y-plane
is lmportant.

A suggestion: By using rf bump, measure simultanecusly the ver-

tical and radial closed orbit versusg x. This would provide information

on the guality of the field versus x and y, for large x, and provide
data for calculation of the widths of vertical resonances which may be

larger than the widths of the horizontal ones.

A. G. Ruggierg
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